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Description 

Technical Field 

[0001] This invention relates to a semiconductor de- 
vice containing a dielectric capacitor and a manufactur- 
ing method thereof and, more in particular, it relates to 
a semiconductor device in which an electrode compris- 
ing Ru, Ru0 2 or a mixed material of Ru and Ru0 2 is 
deposited homogeneously on a substrate with a three- 
dimensional structure and a manufacturing method 
thereof. 



Background Art 

[0002] Semiconductor memories include DRAM (Dy- 
namic Random Access Memory) having a feature in 
high speed data rewriting. Along with progress in ultra 
large scaling integration technology, DRAM has entered 
a large capacitance of 256 M, 1 G bit. Therefore, inte- 
gration has been demanded for circuits and, particularly, 
size of capacitors for storing information has been made 
finer Means for the integration of capacitors can include 
reduction of film thickness of dielectrics, selection of ma- 
terials of high dielectric constant and a three-dimension- 
al structure comprising top and bottom electrodes and 
a dielectric. 

[0003] Among them, for the dielectric material, it has 
been known that BST having a single unit cell of per- 
ovskite structure ((Ba/Sr)Ti0 3 ) as the crystal structure 
has higher dielectric constant (e)compared with SiO^ 
Si 3 N 4 . An example of using high dielectric materials has 
been reported in Japan Journal of Applied Physics, 
1995, 5077p (Jpn. J. Appl. Phys., 34, 5077, 1995). Ac- 
cording to this report, since the condition for the aspect 
ratio (contact hole patterns of BOOnm depth/240nm di- 
ameter) of the three-dimensional structure using BST is 
about 0.65, top and bottom electrodes and a dielectric 
are prepared by a sputtering method. 

Disclosure of Invention 

[0004] In the prior art described above, since Pt or Ru 
of the bottom electrode is prepared by the sputtering 
method, it involves a problem that the three-dimensional 
structure shows poor step coverage and adhesion to the 
inside wall is small compared with that to the surface 
and the bottom, so that a highly three-dimensional de- 
vice structure with an aspect ratio of 1 or more can not 
be attained. 

[0005] This invention has been accomplished to over- 
come the foregoing problems and intends to provide a 
semiconductor device including a dielectric capacitor 
having excellent step coverage in a device structure at 
high aspect ratio along with the trend of high integration 
degree, as well as a manufacturing method thereof. 
[0006] Heretofore, although there has been a report 
of preparing electrode comprising Ru, Ru0 2 or a mixture 



of Ru and Ru0 2 thin films by a sputtering method on a 
three-dimensional structure with a small aspect ratio, 
but a film forming technique by an metalorganic chem- 
ical vapor deposition process (MOCVD) has not been 
5 taken into consideration. 

[0007] The present inventors have found that a homo- 
geneous electrode comprising Ru, Ru0 2 or a mixture of 
Ru and Ru0 2 thin films can be prepared on substrate 
having a three-dimensional structure within a tempera- 
10 ture range from 180°C or higher to 250°C or lower by 
an MOCVD process using a cyclopentadienyl complex. 
The principle capable of preparing a homogeneous film 
in the temperature range described above is to be ex- 
plained below. 

is [0008] Fig. 5 shows a crystal structure of a ruthenium 
cyclopentadienyl complex used in this invention. 5 or n 
bonds are present between a 5 cyclic and ruthenium 
metal, and a temperature at 180°C or higher is neces- 
sary as the energy of dissociation in view of bonding en- 
20 ergy. Further, the adhesion rate of the complex is con- 
stant on Si substrate within a temperature range from 
1 80°C or higher and 250°C or lower and decomposition 
- adhesion on the surface proceeds preferentially at a 
higher temperature. 
25 [0009] Accordingly, a film is formed only on the sur- 
face (top plane of protruded portions) in a substrate hav- 
ing a three-dimensional structure to form inhomogene- 
ous films with the film thickness reduced on the inside 
wall and the bottom (top plane of convex portions). Par- 
30 ticularly at a temperature higher than 300°C, island crys- 
tals are formed due to rapid decomposing reaction to 
form rough film quality for which contact can not be at- 
tained. Accordingly, a homogeneous electrode compris- 
ing Ru, Ru0 2 or a mixture of Ru and Ru0 2 thin films can 
35 be formed to the surface, the bottom and the inside wall 
on a substrate having a three-dimensional structure by 
the MOCVD process using a ruthenium cyclopentadi- 
enyl complex within a temperature range from 1 80°C or 
higher to 250°C or lower. 
40 [001 0] Further, the present inventors have found that 
a electrode comprising Ru, Ru0 2 or a mixture of Ru and 
Ru0 2 thin films can be formed homogeneously by the 
MOCVD process using a p-diketone complex within a 
temperature range from 300°C or higher to 500°C or 
45 lower when a structure having a three-dimensional is 
constituted of two insulation layers, namely, a surface 
layer with small adhesion rate and a inside wall layer 
with large adhesion rate. The principle is to be explained 
below. 

so [001 1 ] Fig. 2 shows a crystal structure of a ruthenium 
P-diketone complex used in this invention, n bonds are 
present between oxygen in a 6 cyclic and ruthenium 
metal and can dissociate at a temperature of 300°C or 
higher in view of the bond energy. However, since dis- 
ss sociation of oxygen - carbon bond or dissociation of ox- 
ygen - ruthenium bond proceeds simultaneously, the ad- 
hesion rate is small and decomposition - deposition near 
the surface proceeds preferentially. Further, at a tem- 
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perature higher than 500°C, island crystals are formed 
due to violent decomposing reaction to result in film 
quality not capable of attaining contact. Then, as shown 
in Fig. 3, a homogeneous electrode thin film comprising 
Ru, Ru0 2 or a mixture of Ru and Ru0 2 can be prepared 
to the surface, the bottom and the inside wall within a 
temperature range from 300°C or higher to 500°C or 
lower by an MOCVD process using a ruthenium p-dike- 
tone complex on structure having a three-dimensional 
by constituting the structure having a three-dimensional 
with an insulation layer of a dual layered structure com- 
prising a surface layer 31 having a small adhesion rate 
and a side wall layer 32 having a large adhesion rate, 
for example, MgO/Si0 2 or AlgOySiC^ for the electrode 
material. 

[0012] This invention has been accomplished based 
on the studies as described above, and it has a feature 
in a method of manufacturing a semiconductor device 
of laminating to form a bottom electrode, a dielectric and 
a top electrode on a substrate having a three-dimen- 
sional structure, wherein a bottom electrode and a top 
electrode are formed by a metalorganic chemical vapor 
deposition method at a temperature of 1 80°C or higher 
and 250°C or lower using a cyclopentadienyl complex 
as precursor. 

[0013] The cyclopentadienyl complex is used as an 
Ru precursor and, particularly, dicyclopentadienyl ruthe- 
nium is preferred. The bottom electrode and the top 
electrode are formed each as a thin film comprising Ru, 
Ru0 2 or mixture of Ru and Ru0 2 . 
[001 4] By using one of 0 2 , H 2 , N 2 0, 0 3 , CO and C0 2 
as a reaction gas, decomposing reaction from the pre- 
cursor can be promoted to form a film at a low temper- 
ature of 180°C or higher to 250°C or lower. Particularly, 
in a gas mixture of a reaction gas and a carrier gas (Ar, 
He or N 2 gas), the ratio of the reaction gas to the carrier 
gas is preferably 1% or more. 

[001 5] According to this feature, an electrode thin film 
can be prepared homogeneously to the surface, the bot- 
tom and the side wall on the substrate having a three- 
dimensional structure. Accordingly, it is possible to ob- 
tain a dielectric capacitor of high integration degree 
comprising a top electrode/a dielectric/a bottom elec- 
trode having a three-dimensional structure of high as- 
pect ratio of 3 or more (contact hole depth/diameter). 
[001 6] Further, this invention has a feature in a meth- 
od of manufacturing a semiconductor device of laminat- 
ing to form a bottom electrode, a dielectric and a top 
electrode on a substrate having a three-dimensional 
structure, wherein the structure having a three-dimen- 
sional constituted of an insulation film of a two-layered 
structure comprising a surface layer with a small adhe- 
sion rate and a side wall layer with a large adhesion rate 
for the starting electrode material and the bottom elec- 
trode and the top electrode are formed by metalorganic 
chemical vapor deposition process using a p-diketone 
complex as the precursor at a temperature of 300°C or 
higher and 500°C or lower. 



[001 7] The p-diketone complex is used as the precur- 
sor for Ru and dibivaloylmethanate ruthenium is partic- 
ularly preferred. The bottom electrode and the top elec- 
trode are formed each as a thin film comprising Ru, 
5 Ru0 2 , or a mixture of Ru and Ru0 2 . 

[0018] A decomposing reaction is promoted at a tem- 
perature of 300°C or higher to 500°C or less to prepare 
a homogeneous electrode thin film by using one of 0 2 . 
H 2t N 2 0, 0 3 , CO and C0 2 as the reaction gas while us- 
10 ing one of Ar; He and N 2 as the carrier gas. In the gas 
mixture of the reaction gas to the carrier gas, the ratio 
of the reaction gas and the carrier gas may be 0% or 
more. That is, the reaction gas may or may not be used. 
[0019] According to this feature, since the structure 
15 having a three-dimensional is constituted of two insula- 
tion layers comprising a surface layer of small adhesion 
rate and a side wall layer of large adhesion rate, and the 
electrode thin film can also be formed on the side wall 
to which it is less vapor deposited, an electrode thin film 

20 of uniform film thickness comprising Ru, Ru0 2 or a mix- 
ture of Ru and Ru0 2 can be prepared. Accordingly, it 
can provide a semiconductor device including a dielec- 
tric capacitor of a device structure having a high aspect 
ratio of 3 or more, corresponding to the high integration 

25 degree and having a step coverage performance. Par- 
ticularly, when the structure comprising two insulation 
layers is MgO/Si0 2 or A^Og/SiO^ a uniform electrode 
thin film can be prepared depending on the different ad- 
hesion rate of the precursor. 

30 [0020] Further, this invention has a feature in a sem- 
iconductor device having a dielectric and electrodes for 
applying a voltage to the dielectric in which the electrode 
is a thin film electrode comprising Ru t RuO z or a mixture 
of Ru and Ru0 2 formed on a structure with an aspect 

35 ratio of the three-dimensional structure (contact hole 
depth/diameter) of 3 or more. 

[0021] The semiconductor device can contain an 
electrode thin film of a uniform thickness comprising a 
Ru, Ru0 2 or a mixture of Ru and Ru0 2 manufactured 

40 by an MOCVD process from a cyclopentadienyl com- 
plex, or an electrode thin film of a uniform thickness 
comprising Ru, Ru0 2 or a mixture of Ru and Ru0 2 man- 
ufactured by an MOCVD process from the p-diketone 
complex of high integration degree having a top elec- 
trode/a dielectric/a bottom electrode. Since the elec- 
trode thin film is formed homogeneously to the surface, 
the bottom and the side wall on the substrate having a 
three-dimensional, it is possible to obtain a dielectric ca- 
pacitor of high integration degree and capable of func- 

50 tioning intactly having a three-dimensional structure of 
high aspect ratio. When such a dielectric capacitor is 
used for semiconductor devices such as DRAM, the ca- 
pacity can be increased. 

[0022] Further, this invention has a feature of forming 
55 the bottom electrode and the top electrode by a metal- 
organic chemical vapor deposition process of liquid car- 
rying and evaporation using a starting solution in which 
a precursor containing a cyclopentadienyl complex is 
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dissolved in tetrahydrofurane, toluene, hexane or oc- 
tane. According to this feature, since the precursor can 
be supplied stably for a long period of time, a bottom 
electrode and a top electrode with good film quality can 
be formed and a semiconductor device with high per- 5 
formance can be manufactured. The manufacturing 
method for the semiconductor device according to this 
invention is excellent in the mass productivity of the 
semiconductor device. In the manufacturing method of 
the semiconductor device according to this invention, a io 
bottom electrode and a top electrode which are homo- 
geneous and with high quality can be formed at a tem- 
perature of 180°C or higher and 250°C or lower. 
[0023] Further, this invention has a feature of forming 
the bottom electrode and the top electrode by a metal- is 
organic chemical vapor deposition process of liquid car- 
rying and evaporation using a starting solution in which 
a precursor containing a p-diketone complex is dis- 
solved in tetrahydrofurane, toluene, hexane or octane. 
According to this feature, since the precursor can be 20 
supplied stably for a long period of time, a bottom elec- 
trode and a top electrode with good film quality can be 
formed and a semiconductor device with high perform- 
ance can be manufactured. The manufacturing method 
for the semiconductor device according to this invention 25 
is excellent in the mass productivity of the semiconduc- 
tor device. In the manufacturing method of the semicon- 
ductor device according to this invention, a bottom elec- 
trode and a top electrode which are homogeneous and 
with high quality can be formed at a temperature of 30 
300°C or higher and 500°C or lower. 
[0024] When the liquid carrying and evaporation met- 
alorganic chemical vapor deposition process using a 
starting solution in which a precursor containing the cy- 
clopentadienyl complex or the p-diketone complex is 35 
dissolved in a tetrahydrof uran solvent is used, since the 
starting solution can be stored at a room temperature, 
thermal denaturation of the precursor as caused in the 
sublimation method can be suppressed and, as a result, 
the precursor can be supplied stably for a long period of *o 
time. The liquid carrying and evaporation metalorganic 
chemical vapor deposition process is a method of dis- 
solving a precursor into a solvent to prepare a starting 
solution, heating the starting solution in an evaporator 
to obtain an evaporated precursor and conducting the *5 
chemical vapor deposition process. 
[0025] Further, this invention has a feature in using a 
solvent having a solubility of 0.05 mol/l or more for the 
precursor such as tetrahydrof uran, toluene, hexane or 
octane. According to this feature, since evaporation of 50 
the precursor and the solvent is taken place simultane- 
ously in the evaporation step of the liquid carrying and 
evaporation metalorganic chemical vapor deposition 
process, the precursor can be supplied stably for a long 
period of time to manufacture a semiconductor device 55 
with higher performance. 

[0026] In a case of a solvent with a solubility of 0.05 
mol/l or lower, only the solvent of lower boiling point is 



evaporated selectively in an evaporator and, as a result, 
the precursor of high boiling point is deposited in the 
inside of the evaporator to cause clogging, making it dif- 
ficult to stably supply. The solubility of the diethylcy- 
clopentadienyl ruthenium (Ru(EtCp) 2 ) complex as the 
cyclopentadienyl complex to each kinds of the solvents 
is 1.74 mol/l for tetrahydrof uran, 1.4 mol/l for toluene, 
1 .4 mol/l for hexane and 1 .4 mol/l for octane, and the 
precursor can be supplied stably in the liquid carrying 
and evaporation metalorganic chemical vapor deposi- 
tion process. Further, the solubility of the dibivaloylmeth- 
anate ruthenium (Ru(dpm) 3 ) complex as the p-diketone 
complex is to each kind of the solvents is 0.52 mol/l for 
tetrahydrof uran, 0.45 mol/l for toluene, 027 mol/l for 
hexane and 0.25 mol/l for octane and the starting ma- 
terial can be supplied stably in the liquid carrying and 
evaporation metalorganic chemical vapor deposition 
process. 

[0027] Further, in this invention, since the organic in- 
gredient of the precursor and the reaction gas take place 
combustion or reductive reaction in the course of form- 
ing the film when 0 2 , H 2 , CO or C0 2 is used as the re- 
action gas, the residual carbon content in the electrode 
film for the bottom electrode and the top electrode can 
be defined to 10" 2 at% or more and 1 at% of less, by 
which high quality bottom electrode and top electrode 
not causing contact failure can be formed and a semi- 
conductor device with high performance can be manu- 
factured. 

[0028] Further, this invention has a feature in a meth- 
od of forming a thin film to the surface and the lateral 
side of a structure having a three-dimensional in which 
the structure comprises in lamination a two layered 
structure of a surface layer with small adhesion rate and 
a side wall layer with a large adhesion rate for the start- 
ing thin film material. Use of the 2-layered structure ex- 
plained in Fig. 3 is not restricted only to the case of form- 
ing the Ru thin film as the electrode by the MOCVD proc- 
ess and is generally applicable also in the film forming 
method such as a sputtering method, a vacuum vapor 
deposition method or an MBE method as a method for 
forming a homogeneous film to the surface, the side wall 
and the bottom in a case where the film tends to be de- 
posited preferentially only to the surface. 

Brief Description of Drawings 

[0029] 

Fig. 1 shows cross sectional SEM images foran Ru 
film obtained at O^Ar ratio of 5% in this invention. 
Fig. 2 is a crystal structural view of a p-diketone 
complex. 

Fig. 3 is a cross sectional view illustrating a struc- 
ture comprising a two layered insulation layer. 
Fig. 4 is a cross sectional view of an example of a 
dielectric capacitor contained in a semiconductor 
device manufactured according to this invention. 
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Fig. 5 is a crystal structural view of a cyclopentadi- 
enyl complex. 

Fig. 6 is a cross sectional view of another example 
of a dielectric capacitor contained in a semiconduc- 
tor device manufactured according to this invention. 
Fig. 7 is a cross sectional view of a further example 
of a dielectric capacitor contained in a semiconduc- 
tor device manufactured according to this invention. 
Fig. 8 is a cross sectional view of a DRAM cell man- 
ufactured according to this invention. 

Best Mode for Carrying Out the Invention 

[0030] A method of manufacturing a semiconductor 
device according to this invention is to be explained spe- 
cifically with reference to the drawings. 

[Example 1] 

[0031] A method of manufacturing a semiconductor 
device using a crystal structure shown in Fig. 5 of a dis- 
cyclopentadienyl ruthenium (RuCp 2 ) complex in which 
R = H is shown below. Fig. 4 is a cross sectional view 
of a dielectric capacitor contained in a semiconductor 
device manufactured in this example. 
[0032] At first, an Si wafer 41 was heated to 300°C 
and a contact hole is opened in an Si0 2 layer 44 formed 
by thermal oxidation and then an Si plug 42 is prepared. 
Then, a barrier layer 43 made of a TiN layer of 100 A 
thickness was prepared on the SI plug 42 by a sputtering 
method. Further, after forming an Si0 2 layer 45 of 8000 
A thickness by a plasma CVD process using starting TE- 
OS material, a 2400 A diameter was fabricated around 
the contact hole as a center to prepare a substrate hav- 
ing a three-dimensional. The aspect ratio (contact hole 
depth/diameter) of the three-dimensional structure is 
3.33. 

[0033] A bottom electrode 46 was prepared on the 
substrate. For the preparation of the bottom electrode 
46, an RuCp 2 complex was formulated at a concentra- 
tion of 0.05 to 0.25 mol/l into a THF (tetrahydrofuran) 
solvent to form a CVD precursor. The CVD precursor 
was supplied at a rate of 0.1 to 3 seem by using a liquid 
mass flow controller. After converting the CVD precursor 
all at once from liquid to gas by setting the temperature 
of a vaporizer to 80 to 150°C, it was carried on an Ar 
gas at 1 98 to 500 seem. Then, after mixing the CVD/Ar 
gas with oxygen gas at 2 to 800 seem, they were intro- 
duced into a reactor. The pressure in the reactor was 
set to 0.01 to 50 torr, the film forming temperature was 
set to 1 80°C or higher and 250°C or lower to form film 
for 1 to 20 min to obtain a film thickness of 20 to 30 nm. 
[0034] As a result of measurement by X-ray diffracti- 
ometry for the obtained film, it was found to be an Ru 
film at 1 to 25%, an Ru/Ru0 2 mixed film at 25 to 50% 
and an Ru0 2 film at 50 to 400%. Further, the film is in 
the form of Ru0 2 even if the O^Ar ratio is 400% or more. 
By the way, in a case where O^Ar = 0%, granular crys- 



tals were formed to provide inhomogeneous film quality. 
[0035] Fig. 1 shows cross sectional SEM images of 
the Ru film obtained at the O^Ar ratio of 5%. It was found 
that the Ru film was formed homogeneously to the sur- 

5 face, the bottom and the side wall and the film has a 
step coverage (film side wall/film surface) of 1 00%. Fur- 
ther, the surface roughness of the film was ±1 0 A or less 
and the film quality was extremely smooth. As a result 
of measurement for the specific resistivity, the resist- 

10 ance was as low as p = 50 ulVcm 2 at a room tempera- 
ture. 

[0036] Further, when the residual amount of carbon 
was analyzed along the direction of the depth in the film 
by secondary ion mass spectroscopy, the carbon con- 
's tent was within a range from 1 0* 2 at% or more to 1 at% 
or less and it was a thin film with high quality. 
[0037] Then, (Ba, Sr)Ti0 3 (BST) was prepared as a di- 
electric 47 on the bottom electrode 46 by an MOCVD 
process. Barium dibivaloylmethanate Ba(dprri) 2 , Sr 

20 (dpm) 2 and Tl(0-i-Pr) 2 (dpm) 2 were used for the precur- 
sors and each of the materials was prepared at a con- 
centration of 0 .05 to 0.25 mol/l into a THF solvent to form 
a CVD precursor. Each of the CVD precursor was sup- 
plied at a rate of 0.1 to 3 seem from a liquid mass flow 

25 controller to an evaporator set to 250°C. The CVD pre- 
cursor gas was introduced by the Ar carrier gas at 200 
seem into the reactor and 5 to 100 seem of an oxygen 
gas was also introduced to the reactor. Film adhesion 
was conducted for 3 min by setting the pressure of the 

30 reactor to 0.01 to 50 torr and a film forming temperature 
to 420°C, to form a BST thin film to 30 nm. 
[0038] Then, the film was heat treated at 700°C for 30 
to 60 sec in an N 2 or Ar gas to improve the crystallinity. 
A top electrode 48 was formed on the dielectric 47. The 

35 film was formed by the same method and under the 
same conditions as those for forming the bottom elec- 
trode 46, to obtain a homogeneous thin Ru film with 
100% step coverage on the three-dimensional with an 
aspect ratio of 6.1 7. The thus obtained dielectric capac- 

40 itor showed excellent electrical characteristics with the 
specific dielectric constant e at 1 V of 300. 
[0039] In addition to the discyclopentadienyl ruthe- 
nium complex in which R = H, homogeneous thin Ru 
films could be formed as the bottom electrode and the 

45 top electrode by the same method as described above 
also in a case of using dis(methylcyclopentadienyl) ru- 
thenium at R = CH 3 , dis(ethylcyclopentadienyl) ruthe- 
nium at R = C 2 H 5 , dis(propylcyclopentadienyl) ruthe- 
nium at R = C 3 H 7 , dis(butylclopentadienyl) ruthenium at 

so R = C 4 H 9 . 

[0040] Further, while 0 2 was used as the reaction gas 
as described above, a homogeneous thin Ru film could 
be formed also by using one of H 2 , N 2 0, 0 3 , CO and 
C0 2 . Further, while the Ar gas has been explained as 

55 the carrier gas, an He or N 2 gas may also be used and 
it has been found that any combination of them can form 
an Ru film at 1 to 25%, an Ru/Ru0 2 mixed film at 25 to 
50% and an RuQ 2 film at 50 to 400% or more as the 
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reaction gas to the carrier gas ratio. 
[Example 2] 

[0041] A method of manufacturing a semiconductor 5 
device using a crystal structure of p-diketone complex 
shown in Fig. 2 of a dibivaloylmethanate ruthenium (Ru 
(dpm) 3 ) complex in which FT = C(CH 3 ) 3 is shown below. 
Fig. 6 is a cross sectional view of a dielectric capacitor 
contained in a semiconductor device manufactured in 10 
this example. 

[0042] In the same manner as in Example 1, after 
opening a contact hole to an Si0 2 layer 64 formed by 
thermally oxidizing an Si wafer 61 , preparing an Si plug 
62 and then forming a TIN barrier layer 63, an insulation is 
layer 65 of an Si0 2 layer was prepared to a thickness 
of 7800 A by a plasma CVD process. Then, an MgO 
layer was deposited as an insulation layer 66 by a sput- 
tering process using Mg as a target. A film of 200 A thick- 
ness was obtained by using a 1 :1 gas mixture of oxygen 20 
and argon as a sputtering gas at a film forming pressure 
of 2 Pa and with RF power of 200 W. A 2400 A diameter 
was fabricated around a contact hole as a center to pre- 
pare a substrate having a three-dimensional structure. 
The aspect ratio of the three-dimensional structure is 25 
3.33. 

[0043] A bottom electrode 67 was prepared on the 
substrate. For the preparation of the bottom electrode 
67, dibivaloylmethanate ruthenium (Ru(dpm) 3 ) of the 
crystal structure of the p-diketone complex at R' = C 30 
(CH 3 ) 3 shown in Fig. 2 was formulated at a concentra- 
tion of 0.05 to 0.25 mol/l in a THF solvent to form a CVD 
precursor. The CVD precursor was supplied at a rate of 
0.1 to 3 seem by using a liquid mass flow controller. After 
converting the CVD precursor all at once from liquid to 35 
gas by setting the temperature for the evaporator to 1 00 
to 200°C, it was carried on an Ar gas at 1 98 to 500 seem. 
Then, after mixing the CVD/Ar gas and an oxygen gas 
at 0 to 800 seem, they were introduced into a reactor. A 
film of 20 to 30 nm thickness was obtained by depositing *o 
a film at a pressure of the reactor of 0.01 to 50 torr, at a 
film forming temperature of 300°C or higher to 500°C or 
lower for 1 to 20 min. 

[0044] As a result of measurement by X-ray diffracti- 
ometry for the obtained film, it has been found that the 45 
film is an Ru film at 0 to 25% or less, an Ru/Ru0 2 mixed 
film at 25 to 50% or less and an Ru0 2 film at 50 to 400% 
or more as Og/Ar ratio. From the result of SEM obser- 
vation for the cross section of the Ru film of 20 nm thick- 
ness obtained at the O^Ar ratio of 0%, it has been found so 
that the Ru film was formed homogeneously to the sur- 
face, the bottom and the side wall and the step coverage 
of the film (film side wall/film surface) was about 100%. 
Further, the surface roughness of the film was ±8 A or 
less showing extremely smooth film quality. As a result ss 
of measurement for the specific resistivity, the resist- 
ance was as low as p = 50 uXi/cm 2 at a room tempera- 
ture. 



[0045] Then, BST was prepared to a film thickness of 
30 nm as a dielectric 68 on the bottom electrode 67 by 
an MOCVD process in the same manner as in Example 
1 . Then, a heat treatment was applied in an N 2 or Ar gas 
at 700°C for 30 to 60 sec, to improve the crystal! in ity. A 
top electrode 69 was formed on the dielectric 68. The 
top electrode 69 was formed by forming a film by the 
same method and under the same conditions as those 
in the formation of the bottom electrode 67 and a homo- 
geneous thin Ru film with 1 00% step coverage could be 
formed on the aspect ratio of 6.17. The thus obtained 
dielectric capacitor showed excellent electrical charac- 
teristics with the specific dielectric constant e of 300 at 
1 V. 

[0046] An identical homogeneous thin Ru film could 
also be prepared by using an Al 2 0 3 layer manufactured 
by a sputtering process using Al as a target instead of 
MgO as an insulation layer 66. 

[0047] Homogeneous Ru thin films could be formed 
on the bottom electrode and the top electrode by the 
same method as described above also in a case of using 
acetylacetonate ruthenium at R = CH 3 and hexafluoro- 
acetyl acetonate ruthenium at R = CF 3 in addition to the 
dibivaloylmethanate ruthenium complex at R = C(CH 3 ) 3 . 
[0048] Further, while Q 2 was used as the reaction gas, 
a homogeneous Ru thin film could be formed also by 
using one of H 2 , N 2 0, 0 3 , CO and C0 2 . Further, while 
description has been made to the Ar gas as the carrier 
gas, an He or N 2 gas may also be used and it has been 
found that any combination of them could form an Ru 
film at a ratio of 0 to 25%, an Ru/Ru0 2 mixed film at 25 
to 50% and an Ru0 2 film at 50 to 400% or more as the 
reaction gas to the carrier gas ratio. 

[Example 3] 

[0049] A third example of this invention is to be ex- 
plained with reference to Fig. 7. Fig. 7 is a cross sec- 
tional view of a dielectric capacitor contained in a sem- 
iconductor device manufactured in this example. 
[0050] In the same manner as in Example 1, after 
opening a contact hole to an Si0 2 layer 74 formed by 
thermally oxidizing an Si wafer 71 , preparing an Si plug 
72 and then forming a TiN barrier layer 73, an Ru layer 
was formed by a sputtering process using Ru as a tar- 
get. A film of 5000 A thickness was obtained by using 
an Ar gas as a sputtering gas, at a film forming pressure 
of 2 Pa and with an RF power of 1200 W. Then, a top 
electrode 75 having a three-dimensional was formed by 
fabricating a trapezoidal shape around the contact hole 
as a center. The aspect ratio of the three-dimensional 
structure is 3.0. 

[0051 ] Then, BST as a dielectric 76 was formed to 30 
nm film thickness on the bottom electrode 75 by an 
MOCVD process in the same method as in Example 1. 
Then, a heat treatment was applied in an N 2 or Ar gas 
at 700°C for 30 to 60 sec to improve the crystallinity. A 
top electrode 77 was formed on the dielectric 76. The 
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top electrode 77 was formed by preparing a thin film of 
Ru, Ru0 2 or a mixture of Ru and Ru0 2 at a thickness 
of 20 nm under the same conditions as those in Example 
1 by a CVD process using RuCpg/THF precursor. The 
resultant dielectric capacitor showed excellent electrical s 
characteristics with a specific dielectric constant e of 1 
V at 280. 

[Example 4] 

10 

[0052] A fourth example of this invention is to be ex- 
plained with reference to Fig. 8. Fig. 8 is a cross sec- 
tional view of DRAM as a semiconductor device using 
the dielectric capacitor prepared in Example 1 . 
[0053] Device isolation oxide films 83a, 83b were pre- 15 
pared by an oxidizing method on a P-type semiconduc- 
tor substrate 81 , and N-type source/drain regions 80a, 
80b, 80c were prepared on the main surface of the sem- 
iconductor substrate by ion implantation. Gate elec- 
trodes 81 a, 82b, 82c and 82d each of 200 nm film thick- 20 
ness were formed by way of a gate oxide film of 12 nm 
thickness on a channel region. A buried bit line 84 con- 
nected electrically was formed on the source/drain re- 
gion 80b by photolithography and dry etching, and an 
Si0 2 layer 1 4 was formed so as to cover the entire sur- 25 
face. Subsequently, a dielectric capacitor comprising a 
top electrode, a dielectric and a bottom electrode was 
prepared by the method shown in Example 1 . Then, af- 
ter forming an interlayer insulation film 88 so as to cover 
the top electrode 1 9, the film was flattened by a chemical 30 
etching method. First layer aluminum wirings were 
formed at a space thereon, an insulation protective film 
86 was prepared so as to cover the wirings and a second 
layer aluminum wiring layers 87 were formed thereon. 
In the same manner as described above, DRAM can be 35 
prepared also by using the dielectric capacitor prepared 
in Example 2. 

[0054] While the THF solvent was used in the 
MOCVD process for forming the top electrode and the 
bottom electrode in Examples 1 to 4, there is no partic- 40 
ular restriction for the solvent so long as it is a material 
capable of dissolving the precursor and toluene or ether 
may be used, for example, with no troubles. 
[0055] Furthermore, the method of forming the top 
electrode and the bottom electrode explained in Exam- 45 
pies 1 to 4 is the MOCVD process starting from a starting 
precursor but similar effects could also be obtained by 
a material gas supply method by a sublimation method 
from a solid precursor or a starting gas supply method 
by a bubbling method from a liquid precursor. Particu- so 
larly, since the precursor can be supplied stably for a 
long period of time by forming the bottom electrode and 
the top electrode by a liquid carrying and evaporation 
metalorganic chemical vapor deposition method, the 
bottom electrode and the top electrode with good film 55 
quality can be formed to manufacture a semiconductor 
device with high performance. 



Industrial Applicability 

[0056] According to this invention, a semiconductor 
device containing a dielectric capacitor having an excel- 
lent step coverage for a device structure of a high aspect 
ratio corresponding to high degree of integration can be 
obtained. 



Claims 

1 . A method of man ufacturing a semiconductor device 
of laminating to form a bottom electrode, a dielectric 
and a top electrode on an underlying substrate hav- 
ing a three-dimensional structure in which 

the bottom electrode and the top electrode are 
formed by an metalorganic chemical vapor deposi- 
tion process at 1 80°C or higher and 250*0 or lower 
using a cyclopentadienyl complex as a precursor. 

2. A method of manufacturing a semiconductor device 
as defined in claim 1 , wherein one of 0 2 , H 2 , N 2 0, 
0 3 , OO and C0 2 is used as a reaction gas and the 
ratio of the reaction gas to a carrier gas is 1% or 
more. 

3. A method of manufacturing a semiconductor device 
of laminating to form a bottom electrode, a dielectric 
and atop electrode on an substrate having a three- 
dimensional structure in which 

the structure having a three-dimensional is 
constituted of an insulation layer of a 2-layered 
structure comprising a surface layer with a smaller 
adhesion rate and a side wall layer with a larger ad- 
hesion rate for an electrode precursor, and the bot- 
tom electrode and the top electrode are formed by 
a metalorganic chemical vapor deposition process 
at 300°C or higher and 500°C or lower using a p- 
diketone complex as the precursor. 

4. A method of manufacturing a semiconductor device 
as defined in claim 3, wherein the structure consti- 
tuted of the 2-layered insulation layer comprises 
MgO/Si0 2 or Al 2 0a/Si0 2 . 

5. A method of manufacturing a semiconductor device 
as defined in any one of claims 1 to 4, wherein each 
of the top electrode and the bottom electrode com- 
prises Ru, Ru0 2 or a mixture of Ru and Ru0 2 . 

6. A semiconductor device having a dielectric and an 
electrode applying a voltage to the dielectric in 
which the electrode is a thin film electrode compris- 
ing Ru, Ru0 2 or a mixture of Ru and Ru0 2 formed 
on a structure with an aspect ratio of a three-dimen- 
sional structure (contact hole depth/diameter) of 3 
or more. 
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7. A method of forming a thin film to the surface and 
the lateral side of structure having a three-dimen- 
sional, in which the structure is constituted of a 
2-la/ered structure formed by laminating a surface 
layer with a smaller adhesion rate and a side wail $ 
layer with a larger adhesion rate of a starting thin 
film material. 

8. A method of manufacturing a semiconductor device 

of laminating to form a bottom electrode, a dielectric 10 
and a top electrode on a substrate having a three- 
dimensional structure in which, 

the bottom electrode and the top electrode are 
formed by using a starting precursor in which a 
starting metalorganic material containing a cy- 1$ 
clopentadienyl complex is dissolved in tetrahydro- 
furan, toluene, hexane or octane, by a liquid carry- 
ing and evaporation, metalorganic chemical vapor 
deposition process. 

20 

9. A method of manufacturing a semiconductor device 
as defined in claim 8, wherein the bottom electrode 
and the top electrode are formed at 1 80°C or higher 
and 250°C or lower. 

25 

10. A method of manufacturing a semiconductor device 
of laminating to form a bottom electrode, a dielectric 
and a top electrode on substrate having a three-di- 
mensional structive in which, 

the bottom electrode and the top electrode are 30 
formed by using a starting precursor in which a 
starting metalorganic material containing a p-dike- 
tone complex is dissolved in tetrahydrofuran, tolu- 
ene, hexane or octane, by a liquid carrying and 
evaporation, metalorganic chemical vapor deposi- 35 
tion process. 

1 1 . A method of manufacturing a dielectric capacitor as 
defined in claim 10, wherein the bottom electrode 
and the top electrode are formed at 300°C or higher 40 
and 500°C or lower. 

1 2. A method of manufacturing a semiconductor device 
as defined in claim 8 or 10, wherein the tetrahydro- 
furan, the toluene, the hexane or the octane is a sol- <s 
vent having a solubility for the starting precursor of 
0.05 mol/l or more. 

1 3. A semiconductor device formed by laminating a bot- 
tom electrode, a dielectric and a top electrode in so 
which the oxygen content of the bottom electrode 
and the top electrode is 1 0' 2 at% or more and 1 at% 

or less. 

14. A semiconductor device manufactured in accord- 55 
ance with the manufacturing method as defined in 
claim 1, 3, 6, 7 or 10. 



1 . A method of manufacturing a semiconductor device 
by laminating to form a bottom electrode (46; 67; 
75), a dielectric (47; 68; 76) and a top electrode (48; 
69; 77) on an underlying substrate (41-45; 61-65; 
71-75) having a three-dimensional structure in 
which 

the bottom electrode (46; 67; 75) and the top 
electrode (48; 69; 77) are formed by a metalorganic 
chemical vapor deposition process at 180°C or 
higher and 250°C or lower using a cyclopentadienyl 
complex as a precursor. 

2. A method of manufacturing a semiconductor device 
as defined in claim 1 , wherein one of 0 2 , H 2 , N 2 0, 
0 3 , CO and C0 2 is used as a reaction gas and the 
ratio of the reaction gas to a carrier gas is 1% or 
more. 

3. A method of manufacturing a semiconductor device 
by laminating to form a bottom electrode (46; 67; 
75), a dielectric (47; 68; 76) and atop electrode (48; 
69; 77) on an substrate (41-45; 61-65; 71-75) hav- 
ing a three-dimensional structure in which 

the three-dimensional structure is constituted 
of an insulation layer of a 2-layered structure com- 
prising a surface layer with a smaller adhesion rate 
and a side wall layer with a larger adhesion rate for 
an electrode precursor, and the bottom electrode 
and the top electrode are formed by a metalorganic 
chemical vapor deposition process at 300°C or 
higher and 500°C or lower using a p-diketone com- 
plex as the precursor. 

4. A method of manufacturing a semiconductor device 
as defined in claim 3, wherein the structure consti- 
tuted of the 2-layered insulation layer comprises 
MgO/Si0 2 or Al 2 0 3 /Si0 2 . 

5. A method of manufacturing a semiconductor device 
as defined in any one of claims 1 to 4, wherein each 
of the top electrode (48; 69 ; 77) and the bottom elec- 
trode (46; 67; 75) comprises Ru, Ru0 2 or a mixture 
of Ru and Ru0 2 . 

6. A semiconductor device having a dielectric and an 
electrode (46, 48; 67, 69; 75, 77) applying a voltage 
to the dielectric (46; 68; 76) in which the electrode 
is a thin film electrode comprising Ru, Ru0 2 or a 
mixture of Ru and Ru0 2 formed on a structure 
(41 -45; 6 1 -65; 71 -75) with an aspect ratio of a three- 
dimensional structure (contact hole depth/diame- 
ter) of 3 or more. 

7. A method of forming a thin film to the surface and 
the lateral side of a three-dimensional structure 
(41 -45; 61 -65; 71 -75), in which the structure is con- 
stituted of a 2-layered structure formed by laminat- 
ing a surface layer with a smaller adhesion rate and 
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a side wall layer with a larger adhesion rate of a 
starting thin film material. 

8. A method of manufacturing a semiconductor device 

by laminating to form a bottom electrode (46; 67; s 
75), a dielectric (47; 68; 76} and a top electrode (48; 
69; 77) on a substrate (41 -45; 61 -65; 71 -75) having 
a three-dimensional structure in which, 

the bottom electrode and the top electrode are 
formed by using a starting precursor in which a 10 
starting metalorganic material containing a cy- 
clopentadienyl complex is dissolved in tetrahydro- 
furan, toluene, hexane or octane, by a liquid carry- 
ing and evaporation, metalorganic chemical vapor 
deposition process. *s 

9. A method of manufacturing a semiconductor device 
as defined in claim 8, wherein the bottom electrode 
and the top electrode are formed at 1 80°C or higher 
and 250°C or lower. 20 

10. Amethod of manufacturing a semiconductor device 
by laminating to form a bottom electrode (46; 67; 
75), a dielectric (47; 68; 76) and a top electrode (48; 

69; 77) on substrate (41 -45; 61 -65; 71 -75) having a 25 
three-dimensional structive in which: 

the bottom electrode and the top electrode are 
formed by using a starting precursor in which a 
starting metalorganic material containing a p-dike- 
tone complex is dissolved in tetrahydrofuran, tolu- 30 
ene, hexane or octane, by a liquid carrying and 
evaporation, metalorganic chemical vapor deposi- 
tion process. 

11 . A method of manufacturing a dielectric capacitor as 35 
defined in claim 1 0, wherein the bottom electrode 
and the top electrode are formed at 300°C or higher 
and SOO^C or lower. 

12. A method of manufacturing a semiconductor device 40 
as defined in claim 8 or 10, wherein the tetrahydro- 
furan, the toluene, the hexane or the octane is a sol- 
vent having a solubility for the starting precursor of 
0.05 mol/i or more. 

45 

1 3. A semiconductor device formed by laminating a bot- 
tom electrode (46; 67; 75), a dielectric (47; 68; 76) 
and atop electrode (48; 69; 77) in which the oxygen 
content of the bottom electrode and the top elec- 
trode is 10* 2 at% or more and 1 at% or less. so 

14. A semiconductor device manufactured in accord- 
ance with the manufacturing method as defined in 
claim 1, 3, 6, 7, 8 or 10. 

55 
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